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BIREFRINGENCE CONTROL TYPE LIQUID 
CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. .Field of the Invention 

The present invention relates to a super-twisted nematic 
type (SI‘N type) color liquid crystal display device for 
displaying images or characters by making use of a bire 
fringent e?ect, and more particularly to a birefringence 
control type liquid crystal display device capable of provid 
ing a monochromatic display and a color display wish a high 
saturation of one color or more including red. 

2. Description of the Related Art 
As a prior art, an example of a liquid crystal display 

device used in portable type information appliances is 
described below. 

Hitherto, in the display of portable type information 
appliances, a re?ection type monochromatic liquid crystal 
display device has been used in consideration of portability. 
Recently, it has been attempted to develop a multi-color 
liquid crystal display device capable of providing a color 
display comprising a plurality of colors for the improvement 
of visual recognition. In particular, in the case of the liquid 
crystal display device used in portable type information 
appliance, in addition to a monochromatic display of high 
contrast, there is a growing demand for a color display 
including red in consideration of visual recognition. 
As means for the color display, it is general to employ a 

color ?lter. This method is intended to realize a multi-color 
display by forming red, green and blue color ?lters corre 
sponding to each pixel on one of a pair of transparent 
substrates for sandwiching the liquid crystal, and coloring 
the light passing through the pixels by the color ?lters. 
As a method of providing the color display without using 

the color ?lters, a birefringence control type liquid crystal 
display device has been known. This birefringence control 
type liquid crystal display device is intended to realize a 
multi-color display by making use of the birefringent e?ect, 
that is, the product dAn of a refractive index anisotropy An 
of liquid crystal molecules and a cell gap (1 of a liquid crystal 
cell (hereinafter referred to as dAn of the liquid crystal cell) 
varies depending on a voltage applied to a liquid crystal 
layer, and an intensity of colors such as red, green, and blue 
which pass through the liquid u'ystal layer varies depending 
on this change. 
An art of the birefringence control type liquid crystal 

display device is disclosed, for example, in Japanese Unex 
amined Patent Publication .lP-A 2-118516 (1990), Japanese 
Unexamined Patent Publlication .lP-A-6 175125 (1994), and 
Japanese Unexamined Patent Publication JP-A-7 54 57 
(1995) or the like. 
JP-A 2-118516 (1990) discloses an art of realizing a color 

display by de?ning the dAn of a liquid crystal cell above 
1100 nm and providing with means capable of selecting 
three values or more as a voltage to be applied to the liquid 
crystal cell out of three or more values. As disclosed in the 
same publication, two liquid crystal cells are provided 
between a pair of polarizers, a driving circuit is connected to 
each liquid crystal cell (a liquid crystal cell for driving and 
a liquid crystal cell for optical compensation) so that a color 
display simultaneously containing a white display and a 
black display is made possible. 
IP-A 6-175125 (1994) discloses a birefringence control 

type liquid crystal display device wherein a phase di?erence 
plate is disposed between a pair of polarizers located outside 
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2 
of a liquid crystal cell. The same publication discloses that 
a coloration e?’ect by the birefringence in the liquid crystal 
cell with a multiple tones is emphasized by the birefringent 
effect of the phase difference plate and the color character 
istics of red, green and blue the dAn of the liquid crystal cell 
is improved by setting the dAn of the liquid crystal cell to a 
range of 1000 nm to 2000 nm to enhance the color 
characteristic, and further by setting the product dRAnR of a 
refractive index anisotropy AnR and a thickness dR of this 
phase di?erence plate (hereinafter referred to as dRAnR of 
the phase difference plate) in a Formula of (dAn of liquid 
crystal cell)><r><(l/N), where N is the number of pieces of the 
phase difference plates, and setting a coe?icient r in this case 
to 0.70 to 0.95. The same publication discloses that a white 
display can be realized by setting the d An of the liquid 
crystal cell to a range of 1500 nm to 2000 nm, and the 
display color can be varied in different tones by setting the 
Mn of the liquid crystal cell to 1400 nm or 1600 nm. 
JP-A 7-5457 (1995) discloses a birefringence control type 

liquid crystal display device wherein a twisted phase ditfer 
ence plate is disposed between a pair of polarizers located 
outside of a liquid crystal cell. The same publication dis 
closes that a non-colored white display as well as a color 
display can be obtained because the liquid (rystal cell 
functions as means of discoloring the color display when the 
liquid crystal molecule of the liquid crystal cell is set in an 
initial orientation state by setting the value of dRAnR of the 
twisted phase difference plate to a value approximately 
equal to a value of the dAn of the liquid crystal cell and the 
twist angle of the phase di?erence axis to be approximately 
equal to the twist angle of liquid crystal molecule, setting 
and the twist direction of the slow axis of the twisted phase 
difference plate to be reverse to the twist direction of the 
liquid crystal molecule of the liquid crystal cell, and setting 
the transmission axes (absorption axes) of the pair of polar 
izers to be approximately parallel to each other. The same 
publication also discloses a clear and bright colored light can 
be obtained by setting to a range of 45$ degrees a deviation 
angle formed by the transmission axis (absorption axis) of 
the polarizer at the incident side or at the surface side and a 
direction located at the light incident side, the direction 
being selected out of the direction off the slow axis at the 
incident side of the twisted phase plate and the liquid crystal 
molecule orientation direction at the incident side of the 
liquid crystal cell. 

However, the liquid crystal display device using the color 
?lter has a problem in that a re?ection type has a dark 
display while a light transmission type needs a backlight 
when the display is applied in portable type information 
appliances with the result that the weight, the thickness and 
the power consumption increases because the color ?lter is 
expensive and the light usage ef?ciency is low. 

Besides, the birefringence control type liquid crystal 
display device has the following problems. 

First, in the birefringence control type liquid crystal 
display device disclosed in JP-A 2-118516 (1990), no optical 
compensation is performed because no phase di?erence 
plate is provided, and no color display including a mono 
chromatic display can not be provided. If the liquid crystal 
cell for driving and liquid crystal cell for optical compen 
sation are used, a color display including monochromatic 
display is possible, but two liquid crystal cells must be used, 
and the drive device must be connected to both liquid crystal 
cells, and hence the power consumption is increased aside 
from thickness and weight, and it is not suited for a portable 
use. 

Furthermore, in the birefringence control type liquid 
crystal display device disclosed in lP-A 6-175125 (1994), 




















